At high magnetic field, the semiclassical approximation which underlies the Ginzburg-Landau theory of the~axed state of type-II superconductors breaks down. In a quasi-one-dimensional superconductor with an open Fermi surface, a high magnetic Beld stabilizes a cascade of superconducting phases which ends in a strong reentrance of the superconducting phase. Prom a microscopic mean-field model, we determine the theraxodynamics and the excitation spectrum of these quantum superconducting phases.
In this paper, we derive the thermodynamics and the excitation spectrum of these quantum superconducting phases &om a microscopic model in the mean-6eld approximation. We consider a strongly anisotropic superconductor described by the dispersion law (5 = kgb = 1 throughout the paper) E(k) = v(~k~~-k~) + t cos (k, c) where the Fermi energy is chosen as the origin of the energies. v is the Fermi velocity for the motion along the e'" J) (at),
where r = (x, m), t = t, /ur"a = sgn(k ), and J~is the lth-order Bessel function. I is the length of the system in the x direction. The spectrum consists in a discrete set of 1D spectra. (9) where the pairing amplitude 6 (q, l) is defined by (12) where the amplitude 6 is chosen real. Equation (9) In order to derive the thermodynamics and the excitation spectrum in the superconducting phases, it is necessary to determine the normal and anomalous Green's functions from the Gor'kov equations
+l,l ) +pe U2l+Io+pN lo (13) Here At ---A~--A. The functions G and (14) where S = L N, c is the area of the system. The two preceding equations can be further simpled by using (13 AT+ F t(r, r, ur) . Here 6 (r) = AP (g (r)g -(r)) where the Q (r)'s are fermionic operators for particles moving on the sheet a of the Fermi surface. b, t(r) = -b, l(r) is the variational order parameter defined by (9). G and F t are the Fourier transforms with respect to the imaginary time 7 of the correlation functions (T Q (r, q )g t (r-, 0) ) and (T g t (r, q )@ - (-r, 0) Fig. 3 for the last three phases N = 2, N = 4, and N = 6. In the very-high-field limit (t « 1), the spectrum is almost flat, the dispersion of the quasiparticle band being of the order of P When th. e field is decreased within a given phase, the dispersion increases. The minimum excitation energy decreases when N increases. Thus Fig. 3 In the phase N, there are N/2 distinct branches.
shows how the system evolves from a quasi-1D (quasi-2D if the magnetic field direction is taken into account) behavior in very high magnetic field (t « 1) towards the GL regime (ur, « T) where the spectrum is known to be gapless.
In conclusion, we have solved the BCS theory for a quasi-10 superconductor in a high magnetic field. The theory can easily be extended to include the pairing channels which are not considered in the /LA: The results presented in this paper are not qualitatively modified.
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